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Radiative decays of the heavy tensor mesons in light
cone QCD sum rules
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Abstract
The transition form factors of the radiative decays of the heavy tensor mesons to
heavy pseudoscalar and heavy vector mesons are calculated in the framework of the
light cone QCD sum rules method at the point Q2 = 0. Using the obtained values
of the transition form factors at the point Q2 = 0 the corresponding decay widths
are estimated. The results show that the radiative decays of the heavy–light tensor
mesons could potentially be measured in the future planned experiments at LHCb.
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1 Introduction
With the recent developments in the experimental techniques, many new particles have
been discovered [1–5]. Part of the newly discovered particles have already been predicted
by the quark model. But the rest is not expected to be foreseen by the quark model, and
understanding their properties requires new perspective beyond the conventional quark
model. The heavy tensor mesons D2(2460), Ds2(2573), B2(5747) and Bs2(5840) predicted
by the conventional quark model have all been discovered in the experiments, and their
masses and decay widths have been measured [6]. More refined analysis in studying the
properties of these particles will be conducted at LHCb and BELLE–2.
Following the discovery of the heavy tensor mesons their strong, electromagnetic and
weak decays need to be investigated. Note that the strong decays D02(2460)→ D+(D∗+)π−,
D+2 (2460) → D0π+ [7–10], D+s2(2573) → D0K+ [7], B02(5747) → B∗+π− [11, 12] and
B0s2(5840)→ B+K−[11, 12] have already been observed in the experiments.
These observations have stimulated a chain of many studies. For example, the strong
coupling constants of the aforementioned decays have been calculated in the framework of
the three–point sum rules [13–15], and in the light cone QCD sum rules (LCSR) methods
[16].
In the present work, we study the radiative decays of the heavy tensor mesons in the
framework of the LCSR. Radiative decays constitute one of the most promising classes of
decays in gathering information about the electromagnetic properties, which are important
to reveal the internal structure of the hadrons. It should be emphasized here that, so far the
radiative decays of the heavy tensor mesons have not yet been observed in the experiments,
and our results might indicate that these decays can potentially be measured at LHCb.
The paper is organized as follows: In section 2, we formulate the LCSR for the transition
form factors at the point Q2 = 0. In section 3, we perform numerical analysis of these form
factors at the point Q2 = 0 and calculate the corresponding decay widths. The last section
contains our conclusion.
2 Light cone QCD sum rules for the heavy tensor →
heavy pseudoscalar(vector) meson + photon
Before presenting the details of the calculation, few words about our notation are in order.
In the present work the states of the heavy tensor, heavy vector, and heavy pseudoscalar
mesons are denoted by the generic notations TQ, VQ, and PQ, respectively.
The TQ → PQ(VQ)γ decay is described by the following correlator:
Πµνα(ρ)(p, q) = −
∫
d4x
∫
d4yei(px+qy)
〈
0
∣∣JTQµν(x)Jeℓα (y)JPQ(0) (JVQρ(0))∣∣ 0〉 , (1)
where
JTQµν(x) =
1
2
[
q¯(x)γµ
↔
Dν (x)Q(x) + q¯(x)γν
↔
Dµ (x)Q(x)
]
,
JPQ(JVQρ) = q¯iγ5Q(q¯γρQ)
1
are the interpolating currents of the heavy tensor, heavy pseudoscalar (heavy vector)
mesons, respectively, and
Jeℓα (y) = eq q¯γαq + eQQ¯γαQ ,
is the electromagnetic current, where eq and eQ are the electric charges of the light and
heavy quarks, respectively. The covariant derivative
↔
Dµ (x) is defined as,
↔
Dµ (x) = 1
2
[
→
Dµ (x)−
←
Dµ (x)
]
where
→
Dµ (x) =
→
∂µ (x)− igλ
a
2
Aaµ(x) ,
←
Dµ (x) =
←
∂µ (x) + ig
λa
2
Aaµ(x) .
In this expression λa are the Gell–Mann matrices, Aaµ(x) is the external field.
The correlator given in Eq. (1) can be rewritten in the presence of the electromagnetic
background field of a plane wave
Fµν = i(ε
(γ)
µ qν − ε(γ)ν qµ )
in the following form,
Πµνα(ρ)ε
(γ)α = i
∫
d4xeipx
〈
0
∣∣JTQµν(x)JPQ(JVQρ)(0)∣∣ 0〉F (2)
where the subscript F stands for the vacuum expectation value evaluated in the presence of
the background electromagnetic field Fµν . The expression of the correlation function given
in Eq. (1) can be obtained by expanding Eq. (2) in powers of the background field by taking
into account only the terms linear in Fµν which corresponds to the single photon emission
(for more details about the background field method and its applications, see [17, 18]).
In order to calculate any physical quantity in framework of the QCD sum rules method,
the correlation function needs to be computed in two different kinematical domains. On
the one side, the main contribution to the correlation function (2) originates in the region
where p2 ≃ m2TQ and (p+q)2 ≃ m2PQ(m2VQ). On the other side the same correlation function
can be investigated in the deep Euclidean domain where p2 ≪ 0, (p + q)2 ≪ 0, using the
operator product expansion (OPE). As is well known, in the LCSR method the OPE is
performed over the twists of the operators rather than their canonical dimensions, which is
the case in the standard sum rules approach. The physical part of the correlation function
Eq. (1) is obtained by inserting a complete set of the corresponding mesonic states, and
then isolating the ground state tensor and pseudoscalar (vector) mesons, as shown below,
Πµνα(ρ)(p, q) =
〈
0
∣∣JTQµν∣∣TQ(p)〉
(m2TQ − p2)
〈
TQ(p)
∣∣Jeℓα ∣∣PQ(VQ)(p+ q)〉
[m2PQ(VQ) − (p+ q)2]
〈
PQ(VQ)
∣∣JPQ(JVQρ)∣∣ 0〉+ · · · , (3)
2
where dots denote the higher state contributions, and p′ = p + q. The matrix elements in
Eq. (3) are defined as follow:
〈0| JTQµν |TQ(p)〉 = fTQm3TQǫµν(p) ,〈
PQ
∣∣JPQ∣∣ 0〉 = fPQm2PQmQ +mq ,〈
TQ(p)
∣∣Jeℓα ∣∣PQ(p+ q)〉 = gεαρλτǫρξp′ξpλqτ ,〈
VQ(ε, p
′)
∣∣JVQρ∣∣ 0〉 = fVQmVQε∗ρ .〈
TQ(p)
∣∣Jeℓα ∣∣VQ(p′)〉 = h1ǫαβεβ + h2ǫαβp′β(ε·p) + h3εαǫβτp′βp′τ + h′4pαǫβτεβp′τ
+ h′5p
′
αǫβτε
βp′τ + h′6pαǫβτp
′βp′τ (ε·p) + h′7p′αǫβτp′βp′τ (ε·p) . (4)
In these expressions ǫαβ and εα, are the tensor and vector meson polarizations, fPQ and
fVQ are the decay constants of the heavy pseudoscalar and vector mesons, mPQ and mVQ
are their masses, mQ and mq are the heavy and light quark masses, g and hi are the form
factors responsible for the TQ → PQ and TQ → VQ transitions, respectively.
Substituting these matrix elements into the physical part of the corresponding correla-
tion functions given in Eq. (1), we get
Πµναε
(γ)α(q) =
1
m2TQ − p2
1
m2PQ − p′2
fTQm
3
TQ
ǫµν
fPQm
2
PQ
mQ +mq
gεαρλτp
λqτp′ξǫ
ρξε(γ)α(q) (5)
Πµναρε
(γ)α(q) =
1
m2TQ − p2
1
m2VQ − p′2
fTQm
3
TQ
fVQmVQǫµν(p)ε
(γ)αε∗ρ
{
h1ǫαβε
β + h2ǫαβp
′β(ε·p)
+ h3ε
αǫβτp
′βp′τ + h′4pαǫβτε
βp′τ + h′5p
′
αǫβτε
βp′τ + h′6pαǫβτp
′βp′τ (ε·p)
+ h′7p
′
αǫβτp
′βp′τ (ε·p)
}
. (6)
Performing summation over the spins of the the tensor and vector mesons with the help of
the identities,
ǫµν(p)ǫ
∗
αβ(p) =
1
2
PµαPνβ + 1
2
PµβPνα − 1
3
PµνPαβ , where Pαβ = −gαβ + pαpβ
m2TQ
,
εα(p
′)ε∗β(p
′) = P ′αβ , where P ′αβ = −gαβ +
p′αp
′
β
m2VQ
, (7)
for the physical parts of the correlation functions we have,
Πµναε
(γ)α(q) =
fTQm
3
TQ
m2TQ − p2
fPQm
2
PQ
m2PQ − p′2
ε(γ)α(q)
mQ +mq
g
{
1
2
εαµλτp
λqτ
(
p′ν −
pν(p·p′)
m2TQ
)
+ (µ↔ ν)
}
+ · · · , (8)
Πµναρε
(γ)α(q) =
fTQm
3
TQ
m2TQ − p2
fVQmVQ
m2PQ − p′2
ε(γ)α(q)
{
1
2
(
PµαPνβ + PµβPνα − 2
3
PµνPαβ
)
×
[
h1P ′βρ + h2qβpξP ′ρξ
]
+
1
2
(
PµλPντ + PµτPνλ − 2
3
PµνPλτ
)
3
×
[
h3q
λqτP ′αρ + h4pαqτP ′λρ + h5pαqλqτpξP ′ρξ
]
+ (µ↔ ν)
}
+ · · · , (9)
where h4 = h
′
4 + h
′
5, and h5 = h
′
6 + h
′
7; and dots denote the contributions coming from the
excited states and continuum.
In order to determine the form factor g for the TQ → PQγ transition we choose the co-
efficient of the structure εαµλτp
λqτqν . But for the vector TQ → VQγ transition the situation
is much more complicated, for which there are numerous structures. In this case not all
transition form factors are independent. Indeed using the gauge invariance one can easily
obtain,
h1 + h4(p·q) = 0
−h2 + h3 − h5(p·q) = 0 .
It follows from these relations that we have only three independent form factors. Using
these relations the matrix element Πµναρε
(γ)α can be written as,
Πµναρε
(γ)α(q) =
fTQm
3
TQ
m2TQ − p2
fVQmVQ
m2PQ − p′2
{
h1
2
[
ε(γ)α − 1
p·q (ε
(γ) ·p)qα
]
P ′βρ
(
PαµPνβ + PµβPαν
− 2
3
PµνPαβ
)
+
h2
2
[
ε(γ)α − 1
p·q (ε
(γ) ·p)qα
]
P ′ρξqβqξ
(
PαµPνβ + PµβPαν − 2
3
PµνPαβ
)
+
h3
2
[
ε(γ)α − 1
p·q (ε
(γ) ·p)qα
]
P ′αρqβqτ
(
PµβPντ + PµτPνβ − 2
3
PµνPβτ
)
. (10)
As a result, in this transition, we have three independent form factors hi, (i = 1, .., 3), and
hence we need three independent equations to determine them. In other words, three differ-
ent structures are needed. In principle, any three structures can be chosen in determining
the three transition form factors. It is known that the structures having the highest number
of momenta makes the vacuum expectation values of the higher dimensionality operators
numerically less important and the operator product expansion exhibits good convergence
(see for example [19]). For this reason we choose the structures (ε(γ)·p)qµgνρ, (ε(γ)·p)pµqνqρ,
and ε
(γ)
ρ qµqν in determining the form factors.
Having obtained the representation of the correlator function from the physical side,
our next job is to calculate it in the deep–Euclidean domain using OPE. For this purpose,
the explicit expressions of the interpolating currents for the heavy tensor and pseudoscalar
(vector) mesons should be inserted into Eq. (2), as a result of which we get,
Πµνα(ρ)ε
(γ)α(q) = i
∫
d4xeipx
〈
0
∣∣∣∣
[
1
2
q¯(x)γµ
↔
Dν Q(x) + µ↔ ν
]
Q¯(0)iγ5q(0)
(
Q¯(0)γρq(0)
)∣∣∣∣ 0
〉
F
.(11)
In order to perform OPE, we need the expressions of the light and heavy quark propagators
in the presence of the gluonic and electromagnetic background fields. In the Fock–Schwinger
gauge, where the path ordering exponents can be omitted, these propagators can be written
as,
Sq(x) =
i 6x
2π2x4
− imq
4π2x2
− i
16π2x2
∫ 1
0
du
{
g
[
u¯/xσαβ + uσαβ/x
]
Gαβ
4
+ eq
[
u¯/xσαβ + uσαβ/x
]
F αβ(ux)
}
− imq
32π2
∫ 1
0
[
gsGαβσ
αβ + eqFαβG
αβ
]
×
(
ln
−x2Λ2
4
+ 2γE
)
, (12)
SQ(x) =
m2Q
4π2
{
K1(mQ
√−x2)√−x2 +
i/x(√−x2)2K2(mQ
√
−x2)
}
− gs
16π2
∫ 1
0
duGµν(ux)
[
(σµν/x+ /xσµν)
K1(mQ
√−x2)√−x2 + 2σ
µνK0(mQ
√
−x2)
]
,(13)
where Ki(mQ
√−x2) are the modified Bessel functions, Λ is the parameter separating the
non–perturbative and perturbative domains, whose value is calculated in [20] to be Λ =
(0.5±0.1) GeV . Note that the contributions of the nonlocal operators q¯G2q, q¯qq¯q are small
(see [21]), and these contributions are all neglected in the Eqs. (12) and (13).
Using the explicit expressions of the heavy and light quark propagators the correlator
function(s) given in Eq. (11) can be calculated. The correlator functions contain pertur-
bative and nonperturbative parts. The perturbative part corresponds to the case when a
photon interacts with the quark propagator perturbatively. The perturbative contribution
is obtained by taking the first two terms in the quark propagator into account, and a photon
field that interacts with the quark field perturbatively.
The non–perturbative contribution is obtained by replacing the light quark propagator
by
Sαβ(x− y)→ −1
4
(Γk)αβ q¯
aΓkq
b ,
where Γk =
{
I, γµ, γ5, iγ5γµ, σµν/
√
2
}
are the full set of Dirac matrices. In this case
there appear the matrix elements of two, three particle non–local operators between the
vacuum and the photon states. The matrix elements are parametrized in terms of the
photon distribution amplitudes (DAs) as follows [17],
〈γ(q)|q¯(x)σµνq(0)|0〉 = −ieq〈q¯q〉(ε(γ)µ qν − ε(γ)ν qµ)
∫ 1
0
dueiu¯(q·x)
(
χϕγ(u) +
x2
16
A(u)
)
− i
2(q ·x)eq〈q¯q〉
[
xν
(
ε(γ)µ − qµ
ε(γ) ·x
q ·x
)
− xµ −
(
ε(γ)ν − qν
ε(γ) ·x
q ·x
)]∫ 1
0
dueiu¯(q·x)hγ(u) ,
〈γ(q)|q¯(x)γµq(0)|0〉 = eqf3γ
(
ε(γ)µ − qµ
ε(γ) ·x
q ·x
)∫ 1
0
dueiu¯(q·x)ψv(u) ,
〈γ(q)|q¯(x)γµγ5q(0)|0〉 = −1
4
eqf3γǫµναβε
(γ)νqαxβ
∫ 1
0
dueiu¯(q·x)ψa(u) ,
〈γ(q)|q¯(x)gsGµν(vx)q(0)|0〉 = −ieq〈q¯q〉
(
ε(γ)µ qν − ε(γ)ν qµ
) ∫ Dαiei(αq¯+vαg)(q·x)S(αi) ,
〈γ(q)|q¯(x)gsG˜µνiγ5(vx)q(0)|0〉 = −ieq〈q¯q〉
(
ε(γ)µ qν − ε(γ)ν qµ
) ∫ Dαiei(αq¯+vαg)(q·x)S˜(αi) ,
〈γ(q)|q¯(x)gsG˜µν(vx)γαγ5q(0)|0〉 = eqf3γqα(ε(γ)µ qν − ε(γ)ν qµ)
∫
Dαiei(αq¯+vαg)(q·x)A(αi) ,
5
〈γ(q)|q¯(x)gsGµν(vx)iγαq(0)|0〉 = eqf3γqα(ε(γ)µ qν − ε(γ)ν qµ)
∫
Dαiei(αq¯+vαg)(q·x)V(αi) ,
〈γ(q)|q¯(x)σαβgsGµν(vx)q(0)|0〉 = eq〈q¯q〉
{[(
ε(γ)µ − qµ
ε(γ) ·x
q ·x
)(
gαν − 1
q ·x(qαxν + qνxα)
)
qβ
−
(
ε(γ)µ − qµ
ε(γ) ·x
q ·x
)(
gβν − 1
q ·x(qβxν + qνxβ)
)
qα
−
(
ε(γ)ν − qν
ε(γ) ·x
q ·x
)(
gαµ − 1
q ·x(qαxµ + qµxα)
)
qβ
+
(
ε(γ)ν − qν
ε(γ) ·x
q.x
)(
gβµ − 1
q ·x(qβxµ + qµxβ)
)
qα
] ∫
Dαiei(αq¯+vαg)(q·x)T1(αi)
+
[(
ε(γ)α − qα
ε(γ) ·x
q ·x
)(
gµβ − 1
q ·x(qµxβ + qβxµ)
)
qν
−
(
ε(γ)α − qα
ε(γ) ·x
q ·x
)(
gνβ − 1
q ·x(qνxβ + qβxν)
)
qµ
−
(
ε
(γ)
β − qβ
ε(γ) ·x
q ·x
)(
gµα − 1
q ·x(qµxα + qαxµ)
)
qν
+
(
ε
(γ)
β − qβ
ε(γ) ·x
q ·x
)(
gνα − 1
q ·x(qνxα + qαxν)
)
qµ
] ∫
Dαiei(αq¯+vαg)(q·x)T2(αi)
+
1
q ·x(qµxν − qνxµ)(ε
(γ)
α qβ − ε(γ)β qα)
∫
Dαiei(αq¯+vαg)(q·x)T3(αi)
+
1
q ·x(qαxβ − qβxα)(ε
(γ)
µ qν − ε(γ)ν qµ)
∫
Dαiei(αq¯+vαg)(q·x)T4(αi)
}
,
〈γ(q)|q¯(x)eqFµν(vx)q(0)|0〉 = −ieq〈q¯q〉
(
ε(γ)µ qν −−ε(γ)ν qµ
) ∫ Dαiei(αq¯+vαg)(q·x)Sγ(αi) ,
〈γ(q)|q¯(x)σαβFµν(vx)q(0)|0〉 = eq〈q¯q〉 1
q ·x(qαxβ − qβxα)
(
ε(γ)µ qν − ε(γ)ν qµ
)
×
∫
Dαiei(αq¯+vαg)(q·x)T γ4 (αi)
where ϕγ(u) is the leading twist–2, ψ
v(u), ψa(u), A and V are the twist–3, and hγ(u), A, S,
S˜, Sγ , Ti (i = 1, 2, 3, 4), T γ4 are the twist–4 photon DAs, χ is the magnetic susceptibility,
and the measure Dαi is given by,∫
Dαi =
∫ 1
0
dαq¯
∫ 1
0
dαq
∫ 1
0
dαgδ(1− αq¯ − αq − αg) .
After calculating the correlation functions in the deep Euclidean domain, and separating
the coefficients of the structures ǫαµλτp
λqτqν for the TQ → PQγ transition, and the co-
efficients of the structures (ε(γ) ·p)qµgνρ, (ε(γ) ·p)pµqνqρ, and ε(γ)ρ qµqν for the TQ → VQγ
transition, and matching them with the corresponding coefficients of these structures on
the phenomenological side, we get the desired sum rules for the transition form factors at
Q2 = 0. We then perform the Borel transformations over the variables (−p2) and −(p+ q)2
in order to suppress the contributions of the high states and the continuum, and equate
6
the coefficients of the aforementioned structures, from which we obtain the following sum
rules for the corresponding form factors,
−fTQm
3
TQ
fPQm
2
PQ
2(mQ +mq)
e
−(m2PQ
/M2
1
+m2TQ
/M2
2
)
g = Π(P ) , (14)
−fTQfVQm
3
TQ
mVQ
(m2TQ −m2VQ)
e
−(m2
VQ
/M2
1
+m2
TQ
/M2
2
)
h1 = Π
(V )
1 ,
fTQfVQmTQ
4mVQ
e
−(m2
VQ
/M2
1
+m2
TQ
/M2
2
)
[
2h1 +
(
m2TQ +m
2
VQ
)
h2 − 4m2VQh3
]
= Π
(V )
2 ,
−fTQfVQm3TQmVQ e
−(m2
VQ
/M2
1
+m2
TQ
/M2
2
)
h3 = Π
(V )
3 . (15)
The expressions of the invariant functions Π(P ) and Π
(V )
i are presented in the Appendix.
The continuum subtraction procedure for the LCSR is given in detail in [22]. In our
calculations we set M21 = M
2
2 = 2M
2 (in this case u0 → 1/2), and the subtraction is
performed by using the formula,
(
M2
)n
e−(m
2
Q
/M2) → 1
Γ(n)
∫ s0
m2
Q
ds e−s/M
2 (
s−m2Q
)(n−1)
(n ≥ 1) .
Few words about the choice of the M21 = M
2
2 = 2M
2 are in order. The sum rules for
the transition between the states with different masses require two Borel mass parameters.
The difference between the masses of the initial and final states is small, hence we can take
M21 = M
2
2 = 2M
2. Obviously, taking equal Borel mass parameters would cause additional
uncertainty, and we estimate that this uncertainty is about (10− 15)%.
We see from Eq. (14) that the form factor g responsible for the TQ → VQγ decay can
directly be calculated. In order to determine the form factors hi for the TQ → PQγ decay
the coupled set of equations given in Eq. (15) should be solved where hi are expressed in
term of the combinations of the Π
(B)
i .
3 Numerical analysis
In this section, we shall perform a numerical analysis of the sum rules obtained in the
previous section, for the relevant transition form factors at the point Q2 = 0.
The magnetic susceptibility χ is estimated within the LCSR in [23] to have the value
χ(1 GeV ) = −(2.85±0.50)GeV −2, which we shall use in further numerical calculations. For
the heavy quark masses we have used their MS values, i.e., m¯c(m¯c) = (1.28± 0.003) GeV ,
m¯b(m¯b) = (4.16±0.03) GeV [24, 25]. The values of the other input parameters are presented
in Table 1. In addition to these input parameters, the LCSR also contain the main non–
perturbative parameters, namely, DAs. The expression of the photon DAs [17] which we
need in our calculations are:
ϕγ(u) = 6uu¯
[
1 + ϕ2(µ)C
3
2
2 (u− u¯)
]
,
ψv(u) = 3[3(2u− 1)2 − 1] + 3
64
(15wVγ − 5wAγ )[3− 30(2u− 1)2 + 35(2u− 1)4] ,
7
〈q¯q〉(1 GeV ) (−0.246+0.028−0.019)3 GeV 3 [26]
〈s¯s〉(1 GeV ) 0.8× (−0.246+0.028−0.019)3 GeV 3 [27]
m20 (0.8 ± 0.1) GeV 2 [27]
ms(2 GeV ) 96
+8
−4 MeV [6]
fD2 0.0228 ± 0.0068 [28]
fDs2 0.023 ± 0.011 [29]
fB2 0.0050 ± 0.0005 [30]
fBs2 0.0060 ± 0.0005 [30]
fD (0.210 ± 0.011) GeV [30]
fDs (0.259 ± 0.010) GeV [30]
fD∗ (0.263 ± 0.021) GeV [30]
fD∗s (0.308 ± 0.021) GeV [30]
fB (0.192 ± 0.013) GeV [30]
fBs (0.231 ± 0.016) GeV [30]
fB∗
(
0.196+0.028−0.027
)
GeV [30]
fB∗s (0.255 ± 0.019) GeV [30]
Table 1: The values of the input parameters.
ψa(u) = [1− (2u− 1)2][5(2u− 1)2 − 1]5
2
(
1 +
9
16
wVγ −
3
16
wAγ
)
,
A(αi) = 360αqαq¯α2g
[
1 + wAγ
1
2
(7αg − 3)
]
,
V(αi) = 540wVγ (αq − αq¯)αqαq¯α2g ,
hγ(u) = −10(1 + 2κ+)C
1
2
2 (u− u¯) ,
A(u) = 40u2u¯2(3κ− κ+ + 1) + 8(ζ+2 − 3ζ2)[uu¯(2 + 13uu¯) + 2u3(10− 15u+ 6u2) ln(u)
+ 2u¯3(10− 15u¯+ 6u¯2) ln(u¯)] ,
T1(αi) = −120(3ζ2 + ζ+2 )(αq¯ − αq)αq¯αqαg ,
T2(αi) = 30α2g(αq¯ − αq)[(κ− κ+) + (ζ1 − ζ+1 )(1− 2αg) + ζ2(3− 4αg)] ,
T3(αi) = −120(3ζ2 − ζ+2 )(αq¯ − αq)αq¯αqαg ,
T4(αi) = 30α2g(αq¯ − αq)[(κ+ κ+) + (ζ1 + ζ+1 )(1− 2αg) + ζ2(3− 4αg)] ,
S(αi) = 30α2g{(κ+ κ+)(1− αg) + (ζ1 + ζ+1 )(1− αg)(1− 2αg)
+ ζ2[3(αq¯ − αq)2 − αg(1− αg)]} ,
S˜(αi) = −30α2g{(κ− κ+)(1− αg) + (ζ1 − ζ+1 )(1− αg)(1− 2αg)
+ ζ2[3(αq¯ − αq)2 − αg(1− αg)]}. (16)
The constants entering the above DAs are borrowed from [17, 31] whose values are given in
Table (2).
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ϕ2 κ κ
+ ξ1 ξ
+
1 ξ2 ξ
+
2 f3γ (GeV
2) ωVγ ω
A
γ
0.0 0.2 0.0 0.4 0.0 0.3 0.0 (−4.0 ± 2.0)× 10−3 3.8± 1.8 −2.1± 1.0
Table 2: The values of the constant parameters entering into the distribution amplitudes
at the renormalization scale µ = 1 GeV [17, 31].
Besides the input parameters that are presented in Tables (1) and (2), sum rules con-
tain two more extra parameters, namely, the continuum threshold s0 and the Borel mass
parameter M2. The sum rules calculations demand that the physical calculations should
not depend on these auxiliary parameters. Hence the working region of M2 is determined
by requiring that the following conditions are satisfied: i) Suppression of the continuum
and higher states contributions compared to the pole contribution; ii) the dominance of
the perturbative contributions over the non–perturbative ones, and iii) convergence of the
OPE series. The upper bound of M2 is determined by the condition that, the higher states
contribution should be less than 40% with respect to the contributions coming from the
perturbative ones, i.e., ∫ s0
m2
Q
ρ(s)e−s/M
2
ds∫∞
m2
Q
ρ(s)e−s/M2 ds
< 0.4 .
The lower limit of M2 is obtained from the condition that the OPE series, that is, the
higher twist contributions should be smaller compared to the leading twist contributions.
These conditions lead to the following working region of M2
4.0 GeV 2 ≤M2 ≤ 10.0 GeV 2 for the D2 → D(D∗)γ ,
12.0 GeV 2 ≤M2 ≤ 20.0 GeV 2 for the B2 → B(B∗)γ .
The continuum threshold s0 is obtained from the analysis of the mass sum rules, and
are given as: (s0)D2 = (8.5 ± 0.5) GeV 2, (s0)Ds2 = (9.5 ± 0.5) GeV 2 [16, 29], (s0)B2 =
(39± 1) GeV 2, (s0)Bs2 = (41± 1) GeV 2 [30].
Having determined the working regions of M2 and s0, we now study the dependence of
g and hi on M
2, at several fixed values of s0. We observe that indeed g and hi demonstrate
good stability with respect to the variation in M2 in its working region.
The dependencies of g and hi on s0 at several fixed values of M
2 are also analyzed. We
find that these couplings exhibit very weak dependence on the variation of s0. Our final
results for the transition form factors g and hi are presented in Table 3.
Having obtained the form factors, the decay widths of the corresponding transitions can
be estimated. The width(s) for the generic A→ Bγ is given by the following expression:
Γ(A→ Bγ) = α
4m3A
1
2sA + 1
(m2A −m2B) |M |2 ,
where sA is the spin of the initial particle A. Using this expression for the decay width and
substituting the values of g and hi from Table 3, below we list the numerical values for the
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g (GeV −2) h1 h2 (GeV
−2) h3 (GeV
−2)
D02 → D0γ −0.34± 0.03
D+2 → D+γ 0.26 ± 0.03
Ds2 → Dsγ 0.13 ± 0.03
D02 → D∗0γ −0.025 ± 0.001 1.21 ± 0.19 0.87± 0.13
D+2 → D∗+γ −0.15 ± 0.02 −1.40 ± 0.30 −0.90 ± 0.20
Ds2 → D∗sγ −0.13 ± 0.02 −1.10 ± 0.20 −0.70 ± 0.08
B−2 → B−γ −0.35± 0.03
B02 → B0γ 0.14 ± 0.02
Bs2 → Bsγ 0.080 ± 0.004
B−2 → B∗−γ 0.95± 0.10 4.60 ± 0.60 2.80± 0.40
B02 → B∗0γ 0.17± 0.03 −1.30 ± 0.15 −1.10 ± 0.11
Bs2 → B∗sγ 0.12± 0.02 −1.00 ± 0.10 −0.80 ± 0.04
Table 3: The values of the form factors g and hi, at the the point Q
2 = 0.
decay widths of the radiative decays the heavy–light tensor mesons under consideration:
Γ(D02 → D0γ) = (3.19± 0.54) KeV ,
Γ(D+2 → D+γ) = (1.86± 0.46) KeV ,
Γ(Ds2 → Dsγ) = (2.32± 0.46) KeV ,
Γ(D02 → D∗0γ) = (5.54± 1.69) KeV ,
Γ(D+2 → D∗+γ) = (15.40± 5.10) KeV ,
Γ(Ds2 → D∗sγ)) = (10.20± 3.50) KeV ,
Γ(B−2 → B−γ) = (1.61± 0.29) KeV ,
Γ(B02 → B0γ) = (0.26± 0.08) KeV ,
Γ(Bs2 → Bsγ) = (0.088± 0.008) KeV ,
Γ(B−2 → B∗−γ) = (50.70± 11.22) KeV ,
Γ(B02 → B∗0γ) = (0.60± 0.17) KeV ,
Γ(Bs2 → B∗sγ)) = (0.36± 0.08) KeV .
Using the experimental values of the decay widths of the tensor mesons under consideration,
which are given as: Γ(D2) = (46.7 ± 1.2) MeV , Γ(Ds2) = (16.9 ± 0.8) MeV , Γ(B2) =
(20 ± 5) MeV , and Γ(Bs2) = (1.47 ± 0.33) MeV , we observe that the branching ratios of
the considered radiative decays are of the order of 10−3÷10−5. Referring to these results we
can comment that the radiative decays of the heavy–light tensor mesons are quite accessible
at LHCb.
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4 Conclusion
In the present work the radiative decays of the tensor mesons to heavy–light pseudoscalar
and vector mesons are studied within the LCSR. For this purpose, first the transition form
factors entering into the matrix element of the relevant decays are calculated. Using the
values of the relevant form factors at the point Q2 = 0 the corresponding decay widths are
estimated. It is observed that the branching ratios of the considered decays are larger than
10−5, and therefore they could potentially be measured at LHCb in the near future.
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Appendix: Expressions of the invariant functions Π(P )
and Π
(V )
i
In this Appendix we present the expressions of the invariant functions Π(P ) and Π
(V )
i in
Eqs. (14) and (15).
TQ → PQγ transition
ǫαµλτp
λqτqν structure:
Π(P ) =
e−m
2
Q
/M2
6912M8
eq〈g2sG2〉m4Q〈q¯q〉(1 + 2u0)A(u0)
+
e−m
2
Q/M
2
6912M6π2
m2Q
{
48eQm
2
0mQmqπ
2〈q¯q〉+ eq〈g2sG2〉
[
3mqe
m2
Q
/M2(J0 +m2QJ1)
+ 2π2〈q¯q〉(1− 2u0)A(u0) + 2π2f3γmQ(1 + 2u0)ψa(u0)
]}
+
e−m
2
Q/M
2
6912M4π2
mQ
{
144eQm
2
0mQπ
2〈q¯q〉 − 3eq〈g2sG2〉mQmq
[
2γE − em2Q/M2
(
2I1 + J1
+ 2m2Q(I2 + J2)
)]
− 2eq〈g2sG2〉π2
[
2mQ〈q¯q〉(1 + 2u0)χϕγ(u0)− f3γ(1− 6u0)ψa(u0)
]}
− e
−m2Q/M
2
2304M2π2
{
eq〈g2sG2〉[2mQ +mq(1 + 2γE)]− 48eQ(m20 − 2mQmq)π2〈q¯q〉
+ eqm
2
Q
[
24π2〈q¯q〉(1 + 2u0)A(u0)− 〈g2sG2〉mqem
2
Q
/M2
(
2I2 + J2 +m2Q(3I3 + 2J3)
)]}
− e
−m2Q/M
2
1728mQM2
eq〈g2sG2〉
[
2mQ〈q¯q〉χϕγ(u0) + f3γψa(u0)
]
− M
2
32π2
m3Q
{
2eQ[I2 −mQ(mQ +mq)I3]− eqmQ
[
2mQI3 − 2mqJ3 −m2Qmq(I4 + 3J4)
]}
+
e−m
2
Q
/M2
24
M2eq〈q¯q〉(1 + 2u0)χϕγ(u0) .
TQ → VQγ transition
(ε(γ) ·p)qµgνρ structure:
Π
(V )
1 = −
M4
16π2
(eQ − eq)m6Q(3I4 − 4m2QI5)
+
M2
16π2
m4Q
{
2eqmQmqI3 + eQ
[
I2 −mQ(mQ + 2mq)I3
]}
− M
2e−m
2
Q/M
2
24
{
eqf3γ
[
4j˜1(ψ
v) + ψa(u0)
]}
− e
−m2
Q
/M2
432M6
m3Q〈q¯q〉
[
6eQm
2
0mQmq − eq〈g2sG2〉j˜2(hγ)
]
12
− e
−m2Q/M
2
1728M4
mQ
{
24eQm
2
0mQ(3mQ −mq)〈q¯q〉+ eq〈g2sG2〉
[
4〈q¯q〉j˜2(hγ)
− f3γmQ
(
4j˜1(ψ
v) + ψa(u0)
)]}
− e
−m2Q/M
2
1728π2mQM2
{
3eq〈g2sG2〉m2Qmq − 72eQmQ
[
2m2Qmq −m20(mQ −mq)
]
π2〈q¯q〉
+ eq〈g2sG2〉π2
[
4〈q¯q〉j˜2(hγ)− f3γmQ
(
4j˜1(ψ
v) + ψa(u0)
)]}
+
e−m
2
Q/M
2
1152mQπ2
[
96eQmQ(2mQ −mq)π2〈q¯q〉+ eq〈g2sG2〉(mQ + 2mq − 4m5Qem
2
Q
/M2I3)
]
− e
−m2Q/M
2
6
[
eqmQ〈q¯q〉j˜2(hγ)
]
.
(ε(γ) ·p)pµqνqρ structure:
Π
(V )
2 =
M2
16π2
m4Q
[
(2eQ − eq)I3)−m2Q(6eQ − 4eq)I4 + 4(eQ − eq)m4QI5
]
− e
−m2Q/M
2
864M8
eq〈g2sG2〉m3Q〈q¯q〉
[
(1 + 2u0)j˜2(hγ) + 2j˜3(hγ)
]
+
e−m
2
Q
/M2
3456M6
mQ
{
48eQm
2
0mQmq〈q¯q〉+ eq〈g2sG2〉
[
4f3γmQ(3 + 2u0)j˜1(ψ
v)
− 4(1− 6u0)〈q¯q〉j˜2(hγ) + 24〈q¯q〉j˜3(hγ) + f3γmQ
(
8j˜2(ψ
v)− (1 + 2u0)ψa(u0)
)]}
+
e−m
2
Q
/M2
1728mQM4
{
72eQm
2
0mQmq〈q¯q〉+ eq〈g2sG2〉
[
12f3γmQj˜1(ψ
v) + 4〈q¯q〉j˜2(hγ)− f3γmQψa(u0)
]}
− e
−m2
Q
/M2
1152M2π2
{
96eQmqπ
2〈q¯q〉 − eq〈g2sG2〉
[
1 +m2Qe
m2Q/M
2
(I2 − 4m2QI3)
]
− 96eqmQπ2〈q¯q〉
[
(1 + 2u0)j˜2(hγ) + 2j˜3(hγ)
]}
− e
−m2
Q
/M2
48
eqf3γ
{
4(3 + 2u0)j˜1(ψ
v) + 8j˜2(ψ
v)− (1 + 2u0)ψa(u0)
}
.
ε
(γ)
ρ qµqν structure:
Π
(V )
3 = −
M4e−m
2
Q
/M2
16π2
{
2eq
[
1−m6Qem
2
Q/M
2
(I4 −m2QI5)
]
+ eQm
2
Qe
m2Q/M
2
[
I2 − 2m4Q(I4 +m2QI5)
]}
− e
−m2Q/M
2
3456M8
[
eq〈g2sG2〉m5Q(1 + 2u0)〈q¯q〉A(u0)
]
− 1
1152M6π2
eqgGgGm
3
Qmq
[
J0 +m2QJ1
]
− e
−m2
Q
/M2
1728M6
m3Q
{
24eQm
2
0mQmq〈q¯q〉 − eq〈g2sG2〉
{
6〈q¯q〉u0A(u0)− (1 + 2u0)〈q¯q〉j˜1(hγ)
+ 4〈q¯q〉[u0j˜2(hγ) + j˜3(hγ)]− f3γmQ(1 + 2u0)ψa(u0)
]}
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+
1
1152M4π2
eq〈g2sG2〉mQmq
[
3J0 −m2Q(3I1 −J1)− 3m4Q(I2 + J2)
]
+
e−m
2
Q/M
2
6912M4π2
mQ
{
12mQ
[
eqγE〈g2sG2〉mQmq − 8eQm20(3mQ − 2mq)π2〈q¯q〉
]
+ 12eq〈g2sG2〉π2〈q¯q〉(1− 2u0)A(u0)− 4eq〈g2sG2〉π2〈q¯q〉(1− 6u0)j˜1(hγ)
+ eq〈g2sG2〉π2
[
8f3γmQ(1 + 2u0)j˜1(ψ
v) + 16〈q¯q〉(2− 3u0)j˜2(hγ)− 48〈q¯q〉j˜3(hγ)
]
+ 4eq〈g2sG2〉mQπ2
[
2mQ〈q¯q〉(1 + 2u0)χϕγ(u0)f3γ
(
4j˜2(ψ
v)− (1− 5u0)ψa(u0)
+ ψv(u0) + 2u0ψ
v(u0)
)]
− f3γeq〈g2sG2〉mQπ2(1 + 2u0)ψa′(u0)
}
+
1
1152M2π2
eq〈g2sG2〉mQmq
{
6I1 + 3J1 −m2Q
[
I2 − 2J2 +m2Q(9I3 + 6J3)
]}
+
e−m
2
Q/M
2
3456mQM2π2
{
3mQ
[
eq〈g2sG2〉mQ(2mQ +mq − 2γEmq) + 8eQ(5m20 + 12m2Q)mqπ2〈q¯q〉
]
+ eqπ
2
[
72m4Q〈q¯q〉(1 + 2u0)A(u0) + 〈g2sG2〉
(
4〈q¯q〉j˜1(hγ)− 8〈q¯q〉j˜2(hγ)
+ mQ{4mQ〈q¯q〉(1− 6u0)χϕγ(u0) + f3γ [8j˜1(ψv) + 2ψa(u0) + 4ψv(u0)− ψa′(u0)]}
)]}
− e
−m2Q/M
2
576mQπ2
eqγEmq
(
〈g2sG2〉+ 72m2QM2
)
− 1
16π2
m3QM
2
{
eQ(mQ + 2mq)I2 − eQm3QI3 − eqmq
[
J2 +m2Q(I3 + 2J3)
]}
− e
−m2
Q
/M2
96
eqM
2
{
8(f3γ + 2f3γu0)j˜1(ψ
v) + 8mQ〈q¯q〉(1 + 2u0)χϕγ(u0)
+ 4f3γ
[
4j˜2(ψ
v)− (2 + u0)ψa(u0) + ψv(u0) + 2u0ψv(u0)
]
− f3γ(1 + 2u0)ψa′(u0)
}
+
1
1152π2
eqmQ
{
72m2Qmq(J1 +m2QJ2)− 〈g2sG2〉
[
2m3QI3 −mq
(
6I2 + 3J2
+ m2Q[I3 + 2J3 −m2Q(11I4 + 6J4)]
)]}
+
e−m
2
Q
/M2
1728mQπ2
{
3eq〈g2sG2〉(mQ −mq) + 144eQmQ(2mQ −mq)π2〈q¯q〉
+ 4eqπ
2
[
18m2Q〈q¯q〉
(
A(u0) + (1 + 2u0)j˜1(hγ)− 4[u0j˜2(hγ) + j˜3(hγ)]
)
− 〈g2sG2〉〈q¯q〉χϕγ(u0) + 18f3γm3Q(1 + 2u0)ψa(u0)
]}
(17)
where s0 is the continuum threshold, M
2
1 =M
2
2 = 2M
2, and
u0 =
M21
M21 +M
2
2
=
1
2
, M2 =
M21M
2
2
M21 +M
2
2
.
The integral functions In, (n = 1, · · · , 5); Jn, (n = 0, · · · , 4); j˜n(f(u0)) (n = 1, 2, 3) are
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defined as:
In =
∫ s0
m2
b
ds
e−s/M
2
sn
,
Jn =
∫ s0
m2
b
ds
ℓn
[
M2(s−m2Q)/(Λ2s)
]
sn
e−s/M
2
,
j˜n(f) =
∫ 1
u0
du(u− u0)(n−1)f(u) , and,
ψ′a(u0) =
dψa(u)
du
∣∣∣∣
u=u0
.
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